Abstract. The Duke Island ultramafic intrusion was emplaced into the Alexander terrane immediately preceding development of a regional mid-Cretaceous thrust belt. Paleomagnetic samples were collected from exposures of ultramafic rock with cumulate layering northwest of Judd Harbor and northwest of Hall Cove. Thermal demagnetization results were analyzed using principal component analysis to isolate the characteristic remanent magnetization. Site-mean characteristic directions determined from 16 sites fail the fold test at 95% confidence, indicating that cumulate layering attitudes were highly contorted at the time of magnetization, at least on a scale of tens of meters. Variations in cumulate layering attitudes probably resulted from the combined effects of thermal convection phenomena during crystallization and deformation following crystallization but prior to magnetization. Analysis of cumulate layering over larger structural domains indicates that kilometer-scale deformation produced southwest plunging folds within the Hall Cove and Judd Harbor bodies. Bogue et al. [1995] proposed that a compound structural correction involving unplunging of fold axes followed by unfolding of average cumulate layering could restore cumulate layering to horizontal. However, using the full set of 21 site-mean paleomagnetic directions from Duke Island (16 from the current study and 5 from Bogue et al. 
]. Attempting to provide paleolatitudinal observations from the Insular superterrane of southeast Alaska, Bogue et al. [1995] studied the paleomagnetism and magnetic anisotropy of 110 Ma layered ultramafic rocks on Duke Island (Figure 1) . Bogue et al. [1995] argued that the paleomagnetic directions pass a fold test when average attitudes of cumulate layering in these ultramafic rocks are used as proxies for paleohorizontal. The derived paleolatitude implies 3000 km of post-mid-Cretaceous northward transport with respect to interior North American. In this paper, we 
Geology of Duke Island
The Duke Island ultramafic intrusion was emplaced during midCretaceous time into lower Paleozoic and Triassic gabbroic to tonalitic basement rocks of the Alexander terrane [Gehrels et al., 1987; Saleeby, 1992] and is recognized as a type location of concentrically zoned ultramafic intrusions [Irvine, 1967 [Irvine, , 1974 Taylor, 1967] . U/Pb analyses of zircons yield ages clustering between 108 and 111 Ma [Saleeby, 1992] . Igneous petrology and primary structures of the Duke Island intrusion were studied in detail by Irvine [1974] . The principal rock of the Duke Island intrusion is olivine clinopyroxenite exhibiting cumulate layering of olivine and clinopyroxene crystallized from a mafic or ultramafic magma. There are two principal exposures of the ultramafic intrusion, the Hall Cove and Judd Harbor bodies (Figures 1 and  2 [ 1995] did not use cumulate layering attitudes measured directly on the outcrops sampled for their paleomagnetic study. Instead they divided the two outcrop areas of ultramafic rocks into structural domains within which cumulate layering appeared to be homogeneously deformed. These areas are shown in Figure 2 . Details of the procedures and results of this structural analysis are given in Bogue et al. [1995] and are not repeated here. This analysis led to the conclusion that cumulate layering within the Judd Harbor and Hall Cove regions had been deformed into folds plunging moderately to the west-southwest. Bogue et al.
[1995] performed a compound structural correction for the paleomagnetic directions which involved first unplunging the fold axes to horizontal then unfolding the layers to horizontal about the plunge-corrected strike. Because the paleomagnetic directions were significantly better clustered when compound corrected than in geographic coordinates, Bogue et al. [1995] concluded that the magnetization is prefolding and that the mean cumulate layering provides an estimate of paleohorizontal. In turn, it was concluded that the compound corrected paleomagnetic directions could be used to determine the mid-Cretaceous paleolatitude of Duke Island. Following presentation of the new paleomagnetic results, the analysis of cumulate layering and structural restoration of Duke Island is again examined using the expanded data sets of paleomagnetic directions and measurements of cumulate layering attitudes.
New Paleomagnetic Data From Duke Island
The first objective of our paleomagnetic study of Duke Island was to expand the number and spatial coverage of paleomagnetic sampling sites. In addition, we desired sample sites from outcrops which provided clear and direct measurements of cumulate layering attitudes. This sampling strategy resulted in the ability to examine fold tests of the resulting paleomagnetic directions over a range of scales. Our collections were distributed across two regions of Duke Island within which cumulate layering of ultramafic rocks is well developed (Figures 1 and 2 ): (1) seven sites west and northwest of Judd Harbor and (2) 10 sites west and north of Hall Cove. Sites were located in the interior of the island away from shorelines which are often controlled by faults or shear zones [Saleeby, 1992] . Samples were collected using standard paleomagnetic coring methods (_>8 samples per site). Except for one site, which did not yield usable results, all cores were oriented by Sun compass. This is important because the high intensity of natural remanent magnetism (NRM) in these ultramafic rocks makes magnetic compass readings inaccurate. Sites were located within panels that contain cumulate layering which is planar and homoclinal over outcrop scales (tens of meters); Sun compass orientations were also used to determine the attitude of cumulate layering for each site.
Following sample preparation, all paleomagnetic samples were stored, measured, and thermally demagnetized in a magnetically shielded room with average field intensity <200 nT. Measurement of NRM was done with a three-axis cryogenic magnetometer (2G
Model 755R). Initial NRM intensities ranged up to 102 A m -•
After NRM measurements, all samples were subjected to progressive thermal demagnetization at 10 to 14 temperature steps up to 600øC. The NRM properties were similar to those observed by Bogue et al. [1995] , who illustrate a number of examples of demagnetization behavior. A typical example of thermal demagnetization behavior from our sample collection is illustrated in The progression of vector end points in the 450-560øC temperature interval was analyzed using principal component analysis [Kirschvink, 1980] 
Ultramafic Complex
For reasons described in section 5 , we do not agree with the conclusion of Bogue et al. [1995] that averaged attitudes on cumulate layering in the ultramafic intrusion of Duke Island can be used as a proxy for paleohorizontal. Nevertheless, the structural restoration that they proposed did explain broad patterns in the cumulate layering and the major features of their paleomagnetic observations. In this section, we briefly examine whether the structural restoration proposed by Bogue et al. [1995] is supported by the expanded data sets of paleomagnetic directions and cumulate layering attitudes obtained through our study of Duke Island. In doing so, we acknowledge that this analysis is nonunique. Having argued in section 5 that convection currents and deformation affected the cumulate layering prior to magnetization, we may be overinterpreting the paleomagnetic observations in attempting this restoration. Indeed, J. B. Saleeby, who has spent the most time studying the structural geology of Duke Island, is skeptical of this analysis. We present the following analysis because it leads to interesting tentative conclusions relevant to the structural geology of the Insular superterrane and the Baja British Columbia hypothesis.
The procedures of structural analysis and restoration employed here are exactly those described in detail by Bogue et al. [1995] . The only differences from their analysis are the following: (1) Our measured cumulate layering attitudes were added to those previously available through the mapping by Irvine [1974] . (2 Whether this speculative structural restoration of the Duke Island ultramafic complex is correct or not does not detract from our principal conclusion that the paleomagnetic directions cannot be used to infer the Cretaceous paleolatitude of Duke Island.
Conclusions
The primary conclusion of our paleomagnetic study is that cumulate layering of the Duke Island ultramafic complex, at least at scales up to tens of meters cannot be taken as a proxy for paleohorizontal at the time of magnetization. From the fold test using local cumulate layering, it is clear that layering on the scale of tens of meters was highly contorted at the time of magnetization. Observations of the layered ultramafic intrusive rocks of the Skaergaard intrusion, which is much better exposed than Duke Island, suggest that cumulate layering on even the kilometer scale can significantly depart from horizontal. Therefore any attempt to use paleomagnetic directions directly or indirectly restored to "horizontal" using cumulate layering of the ultramafic rocks is either demonstrably wrong or highly questionable. We further conclude that the compound correction of Bogue et al. [1995] does not fully restore the Hall Cove and Judd Harbor regions to their relative orientations at the time of magnetization and the compound corrected average cumulate layering does not serve as a proxy for paleohorizontal. We thus do not agree with the derivative conclusion by Bogue et al. [1995] that the paleomagnetic directions can be used to determine the mid-Cretaceous paleolatitude of Duke Island.
